ABSTRACT: Based on pavement maintenance project of the national road, a series of laboratory tests were conducted to investigate the road performance of recycled mixtures with different RAP content by wheel tracking test, immersing Marshall test, freeze-thaw splitting test and low temperature bending test. During these tests, virgin mixture without RAP is used as a control group. Furthermore, the durability of recycled mixture was verified by a new test method by which the impact-freeze-thaw damage degree can be obtained. On the basis of laboratory experiments, three types of trial sections have been successfully paved on the national road. The results show that the performance of recycled mixture with 30% RAP is better while recycled mixture with 50% RAP can also satisfy the existing standards by adding the recycling agent and reinforcing agent. The new test method is efficient to distinguish the durability difference between different mixtures. The performance of these recycled trial sections meet the existing standards, and recycled mixture with high RAP content can be used in national road project on a large-scale.
INTRODUCTION
With the growth of highway traffic, most of in-service roads need large scale of maintenance (Zhao, B., 2012) . Usually, traditional maintenance ways adopt the process of milling-planning and overlay, but the milling-planning produces a large number of reclaimed asphalt pavement (RAP), which has been abandoned up to 30 million tons every year in China (Mao, W.H., 2014) .
Central plant hot recycling (CPHR) technique not only can utilize RAP, alleviate pressure on resources, reduce the maintenance cost, but also meet the demand of the sustainable highway development (Tran, N., 2016; He, Z, Y., 2016) . Recognizing the value of CPHR technique, contractors have made extensive use of recycled mixture (RM) from CPHR. However, highway agencies concerned that the use of RM with high RAP content from CPHR maybe reduce the performance of asphalt pavements, therefore lower the lifespan of the pavement and cause higher pavement maintenance costs (Tran, N. H., 2012) , resulting in the maximum amount of RAP allowed in RM is generally under 30% (Miró, R., 2011; Guo, N.S., 2014; Stimilli, A., 2016) . Among these, researchers from various countries have conducted research on the performance of RM from CPHR in order to give agencies confidence in extending the use of RAP to these mixtures. Su, K. et al. (2009) studied the performance of RM with 40% RAP based on Wheel tracking test, moisture susceptibility test, three point bending test and raveling test and indicated that it exhibited similar performance as control mixture. Shu, X. et al. (2008) evaluated the fatigue behaviors of RM with 30% RAP and found that RM with RAP may result in shorter fatigue life. assessed the low temperature performance of RM with 40% RAP through Asphalt Thermal Cracking Analyzer test. Yang, Y, H. (2006) discussed the moisture resistance of RM with 30% RAP by multiple laboratory performance tests.
Despite much previous studies investigated the performance of RM, little research results have been reported concerning the behavior of RM containing 50% or more RAP, specifically their durability under the multifactor of moisture, temperature and dynamic load. Therefore, the objectives of this paper are to investigate the performance of RM with high RAP content from CPHR (specifically, 30% and 50%), and compare the durability of asphalt mixtures under the different test conditions by the impact-freeze-thaw test method.
MATERIALS

Raw Materials
RAP was collected from a milled asphalt pavement stockpile from national road. The RAP is extracted and measured in the laboratory according to Chinese specification JTG E20-2011, and the test results are shown in Table 1  and Table 2 . Recycled binder content in RAP is 3.94%, which shows that the RAP has a high recycling value. Virgin binder adopted is Karamay90#, whose main features are shown in Table 1 . Virgin aggregates adopted are Limestone from Shanxi Province and its properties meet the requirements of the current specification. 
Admixture
The recycling agent and reinforcing agent are used in the production of RM, which are functioning to restore the properties of recycled binder to the same level as the used virgin binder and also improve the performance of RM. Their properties satisfied the specification as listed in Table 3 . 
Mixture
The performance of RM with different RAP content may be different, so four types of asphalt mixtures, control mixture, recycled mixture with 30% RAP (RM+30), recycled mixture with 50% RAP (RM+50) and recycled mixture with 50% RAP, reinforcing agent and recycling agent (RM+50+RA) were used to investigate the performance of RM. In addition, 0.35% reinforcing agent (mass fraction of asphalt mixture) and 4% recycling agent (mass fraction of recycled asphalt) were added to the RM+50+RA. Combining with the actual condition of the project, this research took ATB-25 as an example to carry out the design of RM based on Marshall Design method of Chinese JTG F40-2004, gradation design of experimental mixture is showed in Table 4 . 
EXPERIMENT AND DISCUSSIONS
Mixture Design
According to the four gradations in Table 4 , five kinds of total asphalt binder contents were selected to carry out the Marshall test respectively. The Marshall Test results are presented in Table 5 , together with the requirements of the performance index and volume index of the Marshall. From Table 5 , it can be seen that the test results met the requirements of Chinese JTG E40-2004. 
Analysis on Road Performance of RM
In order to study the road performance of RM with different RAP content, specimens for four types of asphalt mixtures at the OAC were prepared according to Chinese JTG E20-2011. Wheel tracking test, immersing Marshall Test, freeze-thaw splitting test and low temperature bending test were conducted to evaluate the rutting potential, water stability and cracking resistance of asphalt mixtures in accordance with Chinese JTG E20-2011. Two parameters, the dynamic stability (DS) and rutting depth at 60 minutes, were employed to feature high temperature stability of experimental mixtures. Rutting depth indicates the deformation of rutting, which directly reflects automobile ride comfort and the service life of the pavement. The test results are presented in Figure 1 , Figure 1 and Table 6 . Figure 1 , the DS values for all the mixtures tested in this study are larger than the commonly accepted failure threshold of 2000. With the increase of RAP content, the DS values increases obviously. The DS of RM+30, RM+50 and RM+50+RA, are 1.54, 1.83 and 1.69 times as much as the control mixture, which demonstrates the high-temperature stability of RM is improved significantly after adding RAP. The rutting depth at 60 minutes changes little with the RAP content rising, which demonstrates RM has a shear deformation resistance. In the same RAP content, the DS of RM+50 is higher than that of RM+50+RA, whereas the rutting depth at 60 minutes of RM+50+RA is higher than that of RM+50. The phenomenon above may be attributed to three reasons: (a) Recycled asphalt binder still remains in the RM, causing the viscosity of asphalt binder to increase, which greatly improves the rutting resistance of the mixture. (b) The softening point and the viscosity of recycled binder decrease after the addition of recycling agent in RM+50+RA, resulting in its DS decreases.(c) Reinforcing agent, as a kind of PE material, can improve the shear strength and the adhesion between asphalt and aggregates. Therefore, the rutting depth of RM+50+RA is lower than that of RM+50.
As shown in Figure 2 , the residual stability values for all the mixtures tested in this study meet the specification, greater than 80%, whereas the TSR of asphalt mixtures meet the specification of 75% except for RM+50. As the RAP content increases, the residual stability of RM+30 becomes the largest and the residual stability of RM+50 becomes the smallest; and the TSR of asphalt mixtures generally observe this rule. The residual stability and TSR of RM+50+RA are improved significantly compared with those of RM+50. These test results may be attributed to three reasons: (a) the recycling agent and reinforcing agent are added; (b) the appropriate RAP content is beneficial to a thicker binder film, which contributes to a higher TSR (Sengoz et al., 2007) ; (c) the sensitivity of RM to water-temperature is reduced and the pores on surface of recycled aggregate are filled with recycled binder, so that the water stability can be improved. Therefore, the water stability of RM can be improved when the RAP content is 30%, but it needs to add the recycling agent and reinforcing agent to ensure the water stability of RM when the RAP content is 50%.
From Table 6 , it can be seen that the failure strain of RM declines gradually with the rise of RAP content, especially the failure strain of RM+50, which can't satisfy with the commonly accepted failure threshold of 2000. As for stiffness modulus, it shows little increase for RM+30, RM+50 and RM+50+RA compared with control mixture. Meanwhile, the addition of recycling agent and reinforcing agent can improve the failure strain and reduce stiffness modulus for RM+50+RA. Generally, the larger the failure strain is and the smaller the stiffness modulus, the better low-temperature cracking resistance of asphalt mixture is. Hence, the low-temperature cracking resistance of RM decreases because of the RAP addition, but it can be restored to the desired specifications by adding the admixture.
Evaluation on Durability of RM
Evaluation Index and Test Method
（1）Evaluation index. In order to ensure the ride quality of recycling asphalt pavement during the service life, the RM should have good durability. In this research, impact-freeze-thaw test is implemented by self-falling impact tester. The effect of extreme moisture-temperature on asphalt pavement is simulated by freeze-thaw splitting test, and the effect of the vehicle load on asphalt pavement is simulated by the rammer falling from the fixed height. Meanwhile, indirect tensile strength is used as an evaluation index of structural performance of mixture. Compared with the splitting tensile strength without impact-freeze-thaw, impact-freeze-thaw damage degree (D) is employed to characterize the damage of asphalt mixtures under the multi-field of moisture, temperature and dynamic load. According to the principle of damage mechanics, value D can be calculated by the formula (1) when the assumed strains are equal (Yu, S.W. et al, 1997; Tan, Y. Q. et al., 2011) .
Where, D is impact-freeze-thaw damage degree of asphalt mixture; E is the splitting tensile strength of asphalt mixture; E 0 is the initial splitting tensile strength of asphalt mixture.
（ 2 ） Test method. Under the OAC and mixture gradation, some standard Marshall specimens for Control mixture, RM+30, RM+50 and RM+50+RA were respectively fabricated according to Chinese T0702-2011. Then, these specimens were tested under four different test conditions separately. The test conditions are listing as follows: impact-freeze-thaw test (I), impact without freeze-thaw test (II), freeze-thaw without impact test (III), without impact-freeze-thaw test (IV). This research chosen 60 times as the standard times of impact in order to ensure the structural integrity of the specimen before the freeze-thaw test and the specimen was in critical failure state after being impacted (Huang, Q.B., 2015) . In addition, the impact of rammer was carried out under 25℃test temperature with the standard Marshall specimens. Finally, freeze-thaw test was processed following the procedures of Chinese T 0729-2000.
Analysis on Experimental Results
According to the test method，RM with different RAP content were tested under the four test conditions and the results are shown in FIG.3 As shown in Figure 3 , the change trend of splitting tensile strength of four mixtures are basically similar under the four test conditions ， and it presents a trend of increasing first, then decreasing without the admixture. No matter what the test condition is, the splitting tensile strength of RM+50+RA is the largest, followed by RM+30, control mixture and RM+50. Meanwhile, the splitting tensile strength under the test condition II and III are compared and analyzed, it can be seen that the water-temperature effect on RM's splitting tensile strength is more significant than the dynamic load effect when the RAP content is 50%. But the accession of the admixture could decrease the effect of dynamic load and water-temperature.
As shown in Figure 3 , the D of RM is mainly influenced by the ratio of RAP. Compared with the D of control mixture, the D of RM+50 increases sharply and the absolute increase is 11.37; whereas, the changes of the D of RM+30 and RM+50+RA are not that much, whose absolute increase are only 3.8 and 2.4 respectively. Compared with the D of RM+50, the D of RM+50+RA decrease obviously by adding the admixture. In general, the durability of asphalt mixture is mainly affected by temperature, moisture and load. The smaller the D of asphalt mixture is, the better the durability of asphalt mixture under the multi-field of moisture, temperature and dynamic load is. So, the durability of RM+30 and RM+50+RA could satisfy desired service life.
To further verify the feasibility of the RM with high RAP content from CPHR, three kinds of trial sections were carried out in pavement repairing project of G210 arterial road in Northern Shaanxi according to the study result above. Each section with 30m width, 500m length was paved with the same structure consisting of AC-16 upper layer (40 mm) and ATB-25 lower layer (70 mm). Meanwhile, the same virgin aggregates, virgin binder, RAP, and admixture as laboratory tests were used in central production plant, and they were identical in terms of mix design and mechanical characterization. The trial sections were measured and the results are shown in Table 7 . It can be seen from Table 7 that all the test items of three trial sections satisfy the requirements of current specification. Specially, the CD msd and CD mtd of three trial sections are basically the same, which shows that the RM can achieve better compactness during construction. In addition, the water permeability coefficient is far less than the required value. Thus, it is suitable for the RM from CPHR to be used in the engineering.
